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Summary Report: 
Recovery Potential Screening of North Dakota Watersheds 

in Support of Nutrient Management 
 

 
INTRODUCTION 

 
The US Environmental Protection AgenŎȅΩǎ ό9t!Ωǎύ Total Maximum Daily Loads (TMDL) Program, in cooperation with 
state water quality programs, released a long-term TMDL Vision document in December 2013. Part of the TMDL Vision 
involves increasing stateǎΩ identification of priority watersheds for restoration and protection efforts over a several-year 
time frame, and better linkage of TMDLs to these priorities. Previously, a 2011 Office of Water policy memorandum on 
nutrients had also recommended systematic watershed analysis, comparison and priority setting to obtain better 
results. 9t!Ωǎ ¢a5[ program has provided watershed data, comparative assessment tools and state technical assistance 
for the past ten years through the Recovery Potential Screening (RPS) approach and tools (see Attachment 1). In support 
of state requests for assistance in nutrient-related prioritization, the TMDL program has partnered with several states, 
including North Dakota, to jointly carry out RPS assessments and develop results to help states consider their watershed 
nutrient management options systematically with consistent data. These RPS assessments were designed to address 
primary nutrient-related issues identified by each state using state-specific indicators and data relevant for watershed 
comparison. This report summarizes the North Dakota project approach and findings, and identifies multiple additional 
products (e.g., RPS Tools and data files) that were developed along with this overview document.  
 
Background 
Recovery Potential Screening (RPS) is a systematic, comparative method for identifying differences among watersheds 
that may influence their relative likelihood to be successfully restored or protected. The RPS approach involves 
identifying a group of watersheds to be compared and a specific purpose for comparison, selecting appropriate 
indicators in three categories (Ecological, Stressor, Social), calculating index values for the watersheds, and applying the 
results in strategic planning and prioritization. EPA developed the RPS to provide states and other restoration planners 
with a systematic, flexible tool that could help them compare watershed differences in terms of key environmental and 
social factors affecting prospects for restoration success. As such, RPS provides water programs with an easy to use 
screening and comparison tool that is user-customizable for the geographic area of interest and a variety of specific 
comparison and prioritization purposes. The RPS Tool is a custom-coded Excel spreadsheet that performs all RPS 
calculations and generates RPS outputs (rank-ordered index tables, graphs and maps). It was developed several years 
ago to help users calculate Ecological, Stressor, Social, and Recovery Potential Integrated index scores for comparing up 
to thousands of watersheds in a desktop environment using widely available and familiar software. EPA developed the 
RPS Tools with embedded indicator data for each of the conterminous states and other selected geographic areas of 
interest. 
   
North Dakota Department of Health (NDDoH) requested assistance from EPA in 2014 ǘƻ ŦǳǊǘƘŜǊ ǘƘŜ ǎǘŀǘŜΩǎ ŜŦŦƻǊǘǎ ƛƴ 

prioritizing watersheds for nutrient management restoration and protection efforts. An RPS assessment project was 

jointlȅ ǳƴŘŜǊǘŀƪŜƴ ōȅ 9t!Ωǎ ¢a5[ ǇǊƻƎǊŀƳΣ Tetra Tech (EPA contractor), and NDDoH. Two hundred forty nine (249) 

base, ecological, stressor, and social indicators were measured at the HUC12 scale and 72 indicators were measured at 

the HUC8 scale using a combination of national and state datasets. These indicators are compiled in a North Dakota 

statewide RPS tool (Excel file). The HUC12 watersheds were obtained from the USGS Watershed Boundary Dataset 

(WBD) in 2014 and include recent State-specific modifications to the HUC12 watersheds. Previously developed national 

indicators data were area-weighted where appropriate and to match the newer North Dakota WBD HUC12 watersheds 

in the Tool. The mapping features in the Tool were also updated to reflect the newer WBD HUC12 watersheds. The 

assessment findings and figures in this document were generated by the North Dakota RPS Tool. 

 

https://www.epa.gov/tmdl/new-vision-cwa-303d-program-updated-framework-implementing-cwa-303d-program-responsibilities
http://www.epa.gov/rps
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APPROACH 

As a starting point, each RPS nutrient project was designed to apply recommendations from the EPA Office of Water 

2011 nutrient policy memorandum, which reads in part: 

Prioritize watersheds on a statewide basis for nitrogen and phosphorus loading reductions 

 

A. Use best available information to estimate Nitrogen (N) and Phosphorus (P) loadings delivered 

to rivers, streams, lakes, reservoirs, etc. in all major watersheds across the state on a Hydrologic 

Unit Code (HUC) 8 watershed scale or smaller watershed (or a comparable basis.) 

 

B. Identify major watersheds that individually or collectively account for a substantial portion of 

loads (e .g. 80 percent) delivered from urban and/or agriculture sources to waters in a state or 

directly delivered to multi-jurisdictional waters. 

 

C. Within each major watershed that has been identified as accounting for the substantial portion of 

the load, identify targeted/priority sub-watersheds on a HUC 12 or similar scale to implement 

targeted N and P load reduction activities. Prioritization of sub-watersheds should reflect an 

evaluation of receiving water problems, public and private drinking water supply impacts, N and P 

loadings, opportunity to address high-risk N and P problems, or other related factors. 

The two-stage approach implicit in the text above fits well with the RPS Tool, which easily supports comparing HUC8s in 

an initial targeting stage and then focuses on screening and comparing HUC12s in a second, implementation-oriented 

stage, as illustrated in Figure 1. All of the RPS 

nutrient projects utilize the same general two 

stage approach (HUC8 or similar larger-scale unit in 

Stage 1, HUC12 in Stage2), while encouraging 

state-specific customization of the approach in 

identifying stage 1 scenarios, establishing state 

approaches for priority watershed identification, 

and selection and weighting of the most nutrient-

relevant indicators for use in both stages. In this 

project, the data sources and indicators compiled 

in the RPS tool, the selections of indicators, choice 

of demonstration watersheds, and weighting of 

indicators in the nutrient-related screening runs all 

took place collaboratively among NDDoH, EPA and 

its contractor. Nevertheless, this technical ǇǊƻƧŜŎǘΩǎ 

findings and outputs are not meant to represent 

decisions or policies of NDDoH, EPA, or any other 

entity.  

Stage 1 
 
Identifying Nutrient Scenarios. The RPS Tool is most effective in comparing groups of watersheds that have something in 

common, such as generally similar landscapes, nutrient sources, impacts and possible management options; for this 

reason, Stage 1 begins by engaging the state in defining specific types or groups of watersheds with something in 

common regarding their primary nutrient management challenges. The terƳ άǎcenarioέ is used here to describe these 

sets of shared characteristics that provide a basis for groups of similar watersheds to be compared and contrasted with 

one another. Nutrient management challenges in any given state can be complex and involve multiple scenarios. 

Figure 1. Two-stage conceptual approach utilized in RPS projects for supporting 
state nutrient management 

http://www.epa.gov/nutrient-policy-data/working-partnership-states-address-phosphorus-and-nitrogen-pollution-through
http://www.epa.gov/nutrient-policy-data/working-partnership-states-address-phosphorus-and-nitrogen-pollution-through
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Breaking down a large group of watersheds statewide into smaller, more similar groups and focusing on scenarios most 

relevant to each group enables a narrower focus on nutrient issues and possible solutions.  

For North Dakota, two Stage 1 scenarios of interest were initially selected during a series of conference calls between 

EPA, NDDoH, and Tetra Tech. The state is divided into eastern and western regions based on predominant land cover 

(Figure 2 and Table 1). The eastern part of the state which includes the Red River/Lake Winnipeg drainage basin is 

primarily row crop agriculture, and there is interest in nutrient reduction and restoration. The western part of the state 

is primarily small grains and rangeland and is in need of nutrient management as land disturbance and population 

increase due to rapidly expanding oil and gas extraction, which results in new wastewater and stormwater sources. 

Those HUC8 that are at least 15 percent within North Dakota were included in the Stage 1 analyses. 

 

 
Figure 2. North Dakota HUCs. Scenario 1A ranks blue HUC8s; scenario 1B ranks yellow HUC8s. Note that HUC8 boundaries are clipped to HUC12 
boundaries along the state line. 
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Table 1. North Dakota HUC8s included in analysis  

Scenario 1A HUC8s (Eastern)  Scenario 1B HUC8s (Western)  

09020101 09010002 

09020104 09010003 

09020105 09010004 

09020107 09010005 

09020109 09010006 

09020201 09010008 

09020202 10060007 

09020203 10110101 

09020204 10110102 

09020205 10110203 

09020301 10110204 

09020307 10110205 

09020308 10130101 

09020310 10130102 

09020311 10130103 

09020315 10130104 

09020316 10130106 

10160001 10130201 

10160002 10130202 

10160003 10130203 

10160004 10130204 

 

10130205 

10130206 

10130301 

  
Scenario 1A - Eastern North Dakota HUC8s: Cropland and Drainage Pressures 

Scenario 1A screens and compares those HUC8s that are dominated by row crop agriculture in the eastern portion of the 
state. These HUC8s are often served by tile drainage and ditching and are typically subject to intense tillage practices 
and fertilizer application. They also often have nutrient-related impairments (Figure 3). Key sources of nutrients in these 
watersheds include fertilizer application, runoff and erosion from fields and in nearby streams. In addition, expanded 
urban and human sources such as stormwater and wastewater can be important sources and are represented by 
population growth. These watersheds may include point sources and other significant non-point sources such as septic 
systems and feedlots. The purpose of this scenario is to identify those HUC8s where restoration efforts could be 
focused. Stressor indicators and those social indicators which represent potential for readiness to implement are 
weighed more heavily. 
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Figure 3. Number of reported nutrient impairments in eastern North Dakota 

 
Scenario 1B - Western North Dakota HUC8s: Rangeland and Energy Production Pressures  

Scenario 1B is used to identify HUC8s that are dominated by rural, non-row crop land uses in the western part of the 
state. These HUC8s are predominately rangeland (grassland and herbaceous land cover) and often include animal 
agriculture activities. In this part of North Dakota, oil and gas production has been leading to significant increases in 
population and land disturbance. Pathways for pollutants can include watershed and stream channel erosion, feedlot 
runoff, and manure management activities. In addition, population growth and wastewater loading associated with 
development are stressors. The purpose of this scenario is to identify HUC8s with threats that could result in additional 
nutrient loading and impairments beyond those already reported (Figure 4) and compare differences among these 
watersheds in terms of several factors that influence restorability. Ecological indicators and those stressor indicators 
which represent threats are weighed more heavily.  

 
Figure 4. Number of reported nutrient impairments in western North Dakota 
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Selection of Stage 1 indicators. Watersheds within each scenario are compared to one another with scenario-specific 
indicator selections since each scenario differs in nutrient source types and exposure pathways. Indicators for Stage 1 
need only to be sufficient for generally comparing watersheds across the state, identifying which watersheds to include 
in each scenario, and revealing major differences in condition and estimated nutrient loading magnitude as a state 
selects its first watersheds to assess within each scenario. Using the RPS Tool, two different (scenario-specific) selections 
of recovery potential indicators (see indicator lists in Table 2 and definitions in Attachment 2) were used to screen North 
Dakota HUC8s.  
 
Table 2. Stage 1 RPS indicator selections and weights for screening and comparing HUC8s for two North Dakota scenarios. See Attachment 2 for 
indicator definitions. Those indicators with a * are derived from state-specific datasets.  

Stage 1 Eastern North Dakota - Cropland and Drainage Pressures HUC8 Ranking ς Scenario 1A 

Ecological Indicators wt Stressor Indicators wt Social Indicators wt 

% natural cover (2011) in 
watershed*  1 

% corn, soybeans or sugar beet in 
watershed* 2 

Count of segments with TMDLs in 
watershed 2 

% natural cover (2011) in riparian 
zone*  1 

% grassland to row crop transition in 
watershed*  2 

% GAP status 1, 2, and 3 in 
watershed 1 

National Fish Habitat Partnership 
Habitat Condition Index 1 

Average TN load (kg/yr) SPARROW 
(2002) to watershed*  2 

% drinking water source 
protection area*  1 

% wetlands (2011 and NWI) in 
riparian zone* 1 

Average TP load (kg/yr) SPARROW 
(2002) to watershed*  2 

% watershed conservation activity 
in watershed*  2 

 
 

% population increase within 
watershed*  2 % CRP activities in watershed*  2 

  
Count of drain tile outlets/area in 
watershed*  2 

 
 

  
Watershed nutrients 303d-listed 
segments count 1   

Stage 1 Western North Dakota - Rangeland and Energy Production Pressures HUC8 Ranking ς Scenario 1B 

Ecological Indicators wt Stressor Indicators wt Social Indicators wt 

% natural cover (2011) in 
watershed* 1 % in pasture/hay (2011) in watershed* 1 

Count of segments with TMDLs in 
watershed  1 

% natural cover (2011) in riparian 
zone* 1 

Average TN load (kg/yr) SPARROW 
(2002) to watershed* 1 

% GAP status 1, 2, and 3 in 
watershed 1 

National Fish Habitat Partnership 
Habitat Condition Index 2 

Average TP load (kg/yr) SPARROW 
(2002) to watershed* 1 

% drinking water source 
protection area* 1 

% wetlands (2011 and NWI) in 
riparian zone* 1 

Count of oil and gas wells/area in 
watershed* 2 

% conservation activity in 
watershed* 2 

  
% population increase within 
watershed* 2 % CRP activities in watershed* 2 

  
Watershed nutrients 303d-listed 
segments count 1   

 

Interpreting the Screening Results  

Several products are generated through the screening runs for each scenario. Each watershed (HUC8 or HUC12 scale) in 

a scenario screening run receives ecological, stressor, and social index scores and ranks. There is also an aggregate 

Recovery Potential Index (RPI) score and rank for each watershed. Each of these four index values have a possible range 

from 0 to 100. The ecological, stressor and social indices are each calculated by summing weight-adjusted, normalized 

indicator values, dividing by the total weight, and multiplying by 100. RPI Scores are calculated as: [Ecological Index + 
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Social Index + (100 - Stressor Index)] / 3. Note that all scores represent a relative gradient of values only across the 

watersheds being screened, and do not by themselves define thresholds of condition (e.g., impaired/unimpaired) or 

restorability. 

A higher score implies a watershed may be better suited than others for restoration in the case of the ecological and 
social indices and the overall RPI. A higher stressor index score implies lower relative recovery potential. Conversely, in 
the case of rank order, all four indices (ecological, stressor, social and RPI) are rank ordered so that a smaller number 
(e.g., #1 ranked) implies higher relative recovery potential.  

Maps illustrating the watersheds in the screening run are generated by the RPS Tool. The map can be customized to 
display values for each of the watersheds based on any index or single indicator, and map images can be saved and 
downloaded. The RPI score is the default map display and provides a commonly used parameter to illustrate the spatial 
relationship among the watersheds and their general ranking in the screening run.  

Bubble plots are also produced for each screening run. These provide a visual tool for comparing the distribution of 
ecological, stressor and social indices across all watersheds in the screening run, and individual watersheds can be color 
coded and labeled for specific display purposes. The Y and X axes represent the Ecological and Stressor Index scores 
respectively and the size of the symbol indicates ŜŀŎƘ ǿŀǘŜǊǎƘŜŘΩǎ social score. The bubble plotΩs extra axes position 
watersheds relative to the median stressor and ecological scores for every screening run. These axes split the plots into 
four quadrants. For example, watersheds in the upper left quadrant have high ecological scores and low stressor scores. 
Users may also reset these axes to represent statewide median values or user-defined values, providing more reference 
context to the relative value gradient of the screened watersheds. Like the map, bubble plot images can be saved and 
downloaded for later use in documents and presentations. Whereas there is no absolute rule dictating what the actual 
recovery potential of a watershed is based on these plots, theoretical considerations can be made about the relative 
position of HUC8s within these plots that may help guide discussion.  

For additional information on using the RPS Tool and any of these product formats please see the RPS Tool User Manual 
and other user support resources online.  

STAGE 1 RESULTS 

Scenario 1A ς Eastern North Dakota HUC8 Screening - Cropland and Drainage Pressures 

This scenario compares HUC8s throughout the eastern region of the State to help identify a smaller number of HUC8s 
that could be focused on for nutrient management and restoration efforts where row crop agriculture is a predominant 
land cover. A copy of the RPS Tool populated with thiǎ ǎŎŜƴŀǊƛƻΩǎ ǎŎǊŜŜƴƛƴƎ ǊŜǎǳƭǘǎ ƛǎ ŀƳƻƴƎ ǇǊƻƧŜŎǘ ŘŜƭƛǾŜǊŀōƭŜǎ (see 
tool files list in Attachment 4).  

RPI scores for scenario 1A are displayed in map form in Figure 5 showing the relative geographic distribution of the 
scenario. RPI scores are a composite of scores for the Ecological, Stressor, and Social Indices for each HUC8, and as such 
the RPI provides a generalized starting point for comparing watersheds. Overall, the eastern and particularly east-central 
part of this region includes among the lowest scoring HUCs, while the highest scoring HUC8s tend to be in the western 
or west-central parts of the region (labeled on Figure 5). These results include all HUC8s in the region, and thus several 
considerations can be applied to focus on fewer HUC8s of greater interest for nutrient management and restoration. 
Primarily, HUC8s of interest would likely have evidence of nutrient impairments and significant nutrient loading 
estimates, but would also have some ecological or social attributes associated with being better prospects for successful 
restoration. All but eight of the HUC8s within this scenario have nutrient impairments. 

Of the top ten scoring HUC8s, four have estimated nutrient loads that are near or ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ƳŜŘƛŀƴΥ 

Western Wild Rice, Lower Sheyenne, Turtle, and Forest. In addition, Upper Sheyenne, Middle Sheyenne, Upper James, 

Elm, and Western Wild Rice have many more nutrient-related impairments than the other HUC8s in this scenario. All of 

the top ranking HUC8s exhibit high levels of conservation activities or CRP activities in their watersheds. Many of these 

HUC8sΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎǘŀǘŜΩǎ ǇǊƛƻǊƛǘƛŜǎΣ ŎƻǳƭŘ ōŜ ƛƳǇƻǊǘŀƴǘ areas for statewide prioritization and restoration efforts.  

http://www.epa.gov/rps/recovery-potential-screening-user-support
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Figure 5. Scenario 1A watershed ranking by RPI score (highest ranked watersheds darkest with labels) 

 

The bubble plot in Figure 6 displays the relative value differences among HUC8s in Ecological, Stressor and Social Index 

scores ōȅ ŜŀŎƘ ōǳōōƭŜΩǎ ǎƛȊŜ ŀƴŘ Ǉƻǎƛǘƛƻƴ ƻƴ ǘƘŜ ƎǊŀǇƘΣ ŀƭǎƻ showing how these compare to region-wide medians (the 

horizontal and vertical median lines). The bubble plot highlights HUC8s in orange that have estimated phosphorus or 

nitrogen yields that are greater than the regionsΩ median yields. Note that Upper Pembina River, Middle Red, Turtle, 

Elm-Marsh, and Lower Sheyenne HUC8s have higher than average estimated nutrient loads but no identified nutrient 

impairments. These HUC8s could be candidates for further monitoring and assessment. In the upper right quadrant, the 

Western Wild Rice displays the highest social score and an above median ecological score, with an elevated stressor 

score; this might suggest elevated risks of impairment coupled with positive signals about the ecological and social 

context for restoration opportunities.   

 

 

 

Upper Sheyenne 

Middle 
Sheyenne 

Pipestem 

Elm 

Upper James 
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Figure 6. Bubble plot for all scenario 1A HUC8s. Orange bubbles represent HUC8s that have estimated phosphorus or nitrogen yields greater than 
ǘƘŜ ǊŜƎƛƻƴΩǎ ƳŜŘƛŀƴΦ Axes are set to median Ecological Index and Stressor Index scores. 

Maps of Ecological and Stressor Index scores for scenario 1A are displayed in Figure 7 and Figure 8. The Ecological Index 

map shows that high Ecological Index scores are found in the central part of the state. Low Stressor Index scores are 

found along the boundary with Canada, due in part to a predominance of wheat and other small grains. Additional 

indicators or different screenings may be warranted in these HUC8s to better understand their recovery potential in 

light of more specific exposure settings than were considered in this general scenario analysis. 

 

 

 

 

 

 

 

 

 

 




